motor symptoms. Conclusion: Given the prevalent yet undertreated disability associated with LBP in PD, these results are novel in that they show that STN DBS has a significant positive effect on disability associated with LBP.
Introduction
Pain may be a presenting symptom of Parkinson's disease (PD), and it is a common complaint in PD patients as the disease advances. The etiology and classification of pain in PD is not well understood, and in many cases pain is mistakenly attributed to comorbid conditions rather than being a sequela of the disease itself [1] . In order to reduce the severity of this pain, it is not uncommon for patients to undergo multiple medical treatments as well as surgery for pain relief. In fact, up to 60% of PD patients have pain complaints over their lifetime as compared to 25-50% of older adults without PD [2, 3] . The McGill pain questionnaire is a clinical tool commonly used to evaluate the frequency, duration, character, severity, location and temporal qualities of pain. Goetz et al. [4] used this tool to determine whether pain was related to PD or other causes in 95 PD patients. Patients reported that 46% of the pain was directly related to their symptoms of PD. Further, patients with PD for >5 years report a 35% higher incidence of pain as compared to patients with early stages of PD [5] .
The most common pain complaint in PD is low back pain (LBP), affecting 28% of patients who have pain [1] . Patients may describe this LBP to be: musculoskeletal (pain of the joints and muscles), radicular (pain caused by nerve root irritation), dystonic (pain caused by a severe muscle spasm following a twisting movement of a muscle), akathisic (an uncomfortable sensation accompanied by restlessness) or central (stabbing, burning pain as a direct result of dopamine insufficiency) [6, 7] . Depending on the type of LBP, treatments may include medication, physical therapy, epidural steroid injections, chiropractic and/or acupuncture. Studies have reported that between 34% and 58% of patients with LBP take some form of analgesic medication for pain relief [8, 9] . Rarely, surgery may be required [2] .
Recently, it has been noted in a number of case series that deep brain stimulation (DBS) may alleviate pain in PD patients. Specifically, unilateral and bilateral DBS of the globus pallidus was shown to improve pain by 80% and limb dystonia by 90% [10] . Bilateral subthalamic nucleus stimulation (STN DBS) was shown to improve pain in 50% of PD patients after a period of 5 years, particularly when related to dystonia [11] . A recent report showed in a prospective case study that pain improved in PD patients undergoing bilateral STN DBS [1] . Multiple outcome measures were used including change in pain prevalence following surgery, changes in motor function as well as characteristics of pain and other nonmotor symptoms. It was found that pain intensity and nonmotor symptoms significantly improved following STN DBS and that dystonic and musculoskeletal pain responded well to STN DBS. Additionally, strong correlations were found between changes in pain intensity and overall quality of life [1] . While Cury et al. [1] state that 28% of their patients had primarily LBP, the effects of STN DBS on LBP alone and the disability it causes have not been further examined. Here, we evaluate the impact of STN DBS on functional disability from LBP, using the Oswestry Low Back Disability Index (OLBPD).
Methods

Participants
All subjects in this study were patients undergoing bilateral STN DBS treatment for PD at the Albany Medical Center and were consecutively enrolled. Those who qualified for surgical treatment completed the Unified Parkinson's Disease Rating Scale (UPDRS) and neuropsychological testing as part of the routine preoperative workup. Patients who did not improve more than 30% on CAPSIT on/off medication testing were not considered acceptable candidates, as well as those who demonstrated dementia or significant cognitive impairment at baseline testing. Subjects who could not complete testing due to language barriers and/or dementia were excluded from the study. Subjects included in the study fell in the categories of 'moderate disability,' 'severe disability' or 'crippling back pain' as defined by the OLBPD. Institutional review board approval for the study was obtained.
Lower Back Pain and Disability Assessment
After giving their informed consent, participants completed the OLBPD, which was given within 1 month preoperatively and at the 6-month and 1-year follow-up appointments to track changes in pain. The OLBPD has 10 categories (pain intensity, personal care, lifting, walking, sitting, standing, sleeping, sex life, social life and traveling), and patients are scored from 0 to 100% into categories of minimal disability (0-20%), moderate disability (21-40%), severe disability (41-60%), crippling back pain (61-80%) and bedbound (81-100%). Questions evaluate how the patient had been feeling over a period of time prior to answering the questionnaire with their medication and stimulator (when applicable) on. Participants were also asked preoperatively and 1 year postoperatively to rate their global pain on the Visual Analogue Scale (VAS) of 0-10 while on medication. These scores represent how the patient was feeling right at that moment. Autonomic dysfunction was assessed at the same time points using the Scales for Outcomes in Parkinson's Disease-Autonomic (SCOPA-AUT), and sleep dysfunction was assessed using the Parkinson's Disease Sleep Scale (PDSS). Depression and anxiety were assessed preoperatively and 1 year postoperatively in the patients' standard neuropsychological evaluation using Beck's Depression Inventory and the StateTrait Anxiety Inventory, respectively. All clinical assessments were completed with a research associate present to assist with writing, as this is often difficult in this patient population off medication. The research assistant acted as a scribe and did not influence the answers given by the patients.
Data Analysis
All data are expressed as mean ± SEM and were analyzed for significance using either a paired-sample t test or Pearson's correlation analyses in SPSS (IBM SPSS Statistics for Windows, version 22.0, Armonk, N.Y.: IBM Corp.). For all statistical tests, a value of p < 0.05 was considered significant.
Results
Demographics
The participants underwent surgery at a mean age of 59.4 ± 1.7 years with a mean disease duration of 12.2 ± 1.0 years. The mean age of disease onset in the cohort was 47.1 ± 2.0 years. Ten males and 6 females participated in our study. Further demographic information can be appreciated in 2 ) . Global pain scores remained at a level of 0 at all continued follow-up appointments, which ranged from 13 to 33 months after surgery. Similarly, the motor evaluation of the UPDRS (part III) significantly improved in the group, thus indicating a decrease in motor disability following surgery [t(14) = 5.723, p = 0.000053; mean improvement of 51.5%].
Preceding surgery, 7 patients were on pain medications. Six of 7 patients were taking medications for their back. Two of those 6 patients remained on medications (Cymbalta and Naprosyn). The other 4 patients were weaned off their medications. The medications for the other patient and for those patients that were on multiple medications were prescribed for reasons other than back pain (e.g. restless legs, fibromyalgia, depression). Four of 16 patients were undergoing alternative treatment for LBP (physical therapy, epidural steroid injections, chiropractic therapy), all of whom were taking noncontrolled substances to also medically manage their pain. None of the 4 patients continued the alternative therapies postoperatively. Improvements in LBP did not correlate with preoperative usage of alternative therapies, UPDRS motor score, age, daily levodopa equivalent dose or improvement in sleep. Autonomic dysfunction, as measured with the SCOPA-AUT, did not improve postoperatively (p > 0.5) and did not correlate with improvement in disability from LBP. Oneyear neuropsychological data were available for 13 of 16 patients, and the OLBPD score showed no correlation with depression or anxiety.
Discussion
Our study is the first to show that STN DBS reduces functional disability due to LBP in PD. Further, the VAS scores in our patient cohort parallel the mounting evidence that STN DBS can reduce pain in PD patients [5] . These results are exciting as they support positive improvements for patients after STN DBS.
Until recently, nonmotor symptoms of PD have been underappreciated and remained undertreated. Disability associated with LBP has been described as the most common cause of activity limitation in adults [12] . According to a cross-sectional study in 2006, the point prevalence of LBP in PD patients (60%) was significantly higher than that in age-matched control patients with cardiovascular illness or diabetes (23%) as well as the general elderly population (32%) [13] . Further, a significantly larger percentage of PD patients (95.2%) report that their back pain is chronic (>12 months) when compared with controls (73.9%). We predicted that in our patient cohort those patients with autonomic dysfunction might have a higher incidence of LBP associated with increased falling and postural instability [14] ; however, this was not the case. Some authors suggest that the high prevalence of chronic LBP in PD may be caused by alterations in posture during the course of the disease or may be due to differences in muscle dynamics, causing joint trauma and increasing pain prevalence [13] . Finally, some evidence suggests that the basal ganglia are involved in sensory processing, and thus PD may result in aberrant nociceptive processing [15] . Chronic pain in PD has become a major focus of clinical research as motor symptoms are treated more efficiently with dopaminergic medication and DBS. It is reported as the third most bothersome symptom of PD, second only to tremors/shaking and lack of mobility [16] . In some patients, pain even overshadows the motor symptoms of PD [17] . Currently, depending on presentation, PD-related pain is treated with NSAIDs, opioid analgesics or antiparkinsonism therapies [6] ; however, as with the motor symptoms, these treatments become less effective as patients reach a more advanced stage of disease. STN DBS has also been shown to alter sensory pain thresholds and reduce pain in PD patients in a number of studies [18] [19] [20] [21] . In comparison to pain treated with levodopa, STN DBS provides a superior analgesic response [15, 22] .
The mechanism by which STN DBS modulates neural activity in PD remains unclear. Previous research suggests that high-frequency stimulation of the subthalamic nucleus causes an inhibition of local neurons, which reduces the inhibitory output of the globus pallidus and the signal-to-noise ratio on the thalamus and allows movement. Others suggest that multiple mechanisms may be in play, including a depolarization block or activation of passing efferent or afferent axons [23] . Animal studies demonstrated that nociceptive inputs from the cortex, thalamus and amygdala were processed in the striatum and globus pallidus and that the activation of the dopamine receptor subtype D 2 in the striatum could reduce pain [15] . Overall, this evidence suggests that STN DBS may reduce LBP by modulating neurons in the basal ganglia governing sensory processing.
Our results support others who have found that STN DBS reduces pain in PD patients. In our patient cohort, the OLBPD indicated that 9 patients had moderate disability (21-40%), 6 had severe disability (41-60%) and 1 had crippling back pain (61-80%). One year following the STN DBS, 7 patients had minimal disability (0-20%), 6 had moderate disability and 3 had severe disability. Two patients had increases in the OLBPD scores at 6 months; however, they were decreased again at 1 year. The number of patients taking medications to treat their pain was reduced. No patients scored between 61 and 100% (crippling disability) at 1 year, and all reported a VAS score of 0. Interestingly, while the average preoperative VAS scores were much higher, some patients scoring highly on the OLBPD scale also reported a VAS score of 0. This finding seems contradictory; however, it could be due to the patients' perception of physical pain. Improvement in sleep, depression and anxiety did not correlate with the OLBPD improvements, and we do not think those factors played a role in altering that perception. Significant improvements in UPDRS motor scores did correlate with decreases in the OLBPD; however, only a few of the questions pertained directly to activities involving significant amounts of movement; thus, the improvement in disability scores may have occurred through another pathway after STN DBS surgery. We believe that all STN DBS candidates could benefit, as improvements in LBP disability did not correlate with the UPDRS motor score, age or levodopa equivalent dose. Limitations of our study include the small sample size, a potential bias in patient selfreporting and a potential placebo effect.
In conclusion, our results are the first to show a reduction in disability measured by the OLBPD after STN DBS and support similar reports showing that STN DBS improves pain in PD patients. Future studies will be necessary to address the mechanisms by which this phenomenon occurs.
